Introduction
Ampullary adenocarcinoma (AAC), arising from the ampulla of Vater, is a rare neoplasm that accounts for approximately 0.2% of gastrointestinal cancers and 6% of periampullary cancers (Howe et al. 1998; Heinrich and Clavien 2010) . About two-thirds of patients present with jaundice caused by obstruction of distal bile duct in earlystage disease. Curative surgery is possible in about 50% of patients with AAC, compared to 10% of pancreatic cancer (Monson et al. 1991; Romiti et al. 2012) . Despite the high rate of radical surgery, about 50% of patients with AAC die from recurrent disease and 5-year survival rate ranges from 33% to 68% (de Castro et al. 2004; Woo et al. 2007; Lowe et al. 2009 ).
Currently, there is no consensus guideline for the AAC from the National Comprehensive Cancer Network (NCCN) or the European Society for Medical Oncology (ESMO). Limited data exist for treatment options in patients with recurrent or metastatic disease because most clinical trials included AAC as only small part of study population in pancreatic, biliary tract, or small bowel cancers. The phase III trial, which included patients with advanced biliary tract cancer, gemcitabine plus cisplatin showed better overall survival (OS) compared to gemcitabine monotherapy. However, only 5% patients had AAC and, therefore, cannot be a representative regimen for AAC (Valle et al. 2010) . Recently, a retrospective study of cisplatin-based combination offered another possibility for AAC treatment, with the response rate of 27.5% and an OS of 12.5 months in 29 patients (Kim et al. 2010) .
Capecitabine plus oxaliplatin (XELOX) was originally developed as an effective first-line treatment for metastatic colorectal cancer (Cassidy et al. 2004) . To date, various types of advanced gastrointestinal cancer have been treated with XELOX including esophagus (Jatoi et al. 2006) , gastric ) and small bowel cancer (Overman et al. 2009 ). Notably, a phase II study in 30 patients with small bowel and AAC suggested XELOX as a preferred regimen (Overman et al. 2009 ).
The ampulla of Vater is a heterogeneous junctional structure located at the union of the common bile duct, the pancreatic duct, and the small intestine. AAC is classified according to the epithelium of origin as either intestinal type or pancreatobiliary type (Kimura et al. 1994; Carter et al. 2008) . The histologic features of intestinal-type adenocarcinoma are similar to those of colorectal adenocarcinoma. The tumor cells of intestinal type are columnar and have pseudostratified elongated nuclei. These tumor cells express cytokeratin 20 (CK20), mucin 2 (MUC2; intestinaltype mucin), and caudal type homeobox 2 (CDX2). Pancreatobiliary-type adenocarcinoma has a phenotype similar to that of pancreatic ductal adenocarcinoma. The tumor glands consist of cuboidal or columnar cells, usually without nuclear stratification, associated with more abundant desmoplastic stroma (Kimura et al. 1994; Fischer and Zhou 2004 ) and express cytokeratin 7 (CK7), mucin 1 (MUC1) and mucin 5AC (MUC5AC) (Chu et al. 2005; Westgaard et al. 2009 ).
Histopathologic type is an independent prognostic marker for resected AAC, and pancreatobiliary type exhibits a poor prognosis; the prognosis of the intestinal type resembles that of colorectal cancer (Carter et al. 2008; Westgaard et al. 2008) . Moreover, molecular classification makes it possible to observe different biological behaviors and distinguish two subtypes of AAC based on immunohistochemistry Chu et al. 2005; Sessa et al. 2007; Amptoulach et al. 2011; Westgaard et al. 2013) . Specially, the intestinal epithelial-specific marker, caudaltype homeodomain transcription factor 2 (CDX2) was an independent good prognostic marker for resected AAC (Hansel et al. 2005) . Based on these studies, the pancreatobiliary type of AAC may be less responsive to XELOX than the intestinal type and immunohistochemistry indicators could be used as predictive markers.
Here, we report the efficacy of the XELOX regimen in patients with recurrent and/or metastatic AAC and compare efficacies of the regimen according to the histopathologic subtype based on morphologic and immunohistochemical evaluation.
Patients and Methods

Patients
Between January 2003 and December 2011, 67 patients received palliative chemotherapy for recurrent or metastatic AAC at the Severance Hospital, Seoul, Korea. The XELOX regimen (capecitabine in combination with oxaliplatin) was applied to total 21 patients. We collected patient characteristics including sex, age, performance status, histopathologic differentiation, extent of disease and any prior treatment (surgery, chemotherapy, or radiation). Medical information including toxicities, response and survival data were collected from the medical records. Response determined based on Response Evaluation Criteria in Solid Tumors (RECIST 1.0). Toxicity was graded based on the Common Terminology Criteria for Adverse Events v3.0 (CTCAE). This study was undertaken after obtaining approval by a local Human Investigations Ethical Committee.
Treatment
All patients were treated with oral administration of capecitabine 750 mg/m 2 twice a day on days 1-14 and intravenous injection of oxaliplatin 130 mg/m 2 on day 1, followed by a seven-day rest period. Treatments were administered in an outpatient clinic and repeated every 3 weeks.
Immunohistochemistry
The histologic features of the tumors were evaluated by a pathologist (H. Kim). The histopathologic classification of tumors was performed by combining the morphologic evaluation of the light microscopy and immunohistochemical study. On hematoxylin eosin (H-E) staining, the morphologic resemblance of the tumors to that of the colorectal adenocarcinoma or pancreatic ductal adenocarcinoma was evaluated. Then, to confirm the histologic classification, we performed an immunohistochemical study using three intestinal-type markers (CDX2, CK20, and MUC2) and three pancreatobiliary-type markers (CK7, MUC1, and MUC5AC).
Briefly, the representative 4 µm-thick sections were deparaffinized and rehydrated through a series of xylene and alcohol solutions. The endogenous peroxidase was blocked with 3% aqueous hydrogen peroxide. The slides were pretreated in a microwave oven for antigen retrieval. The sections were incubated with the primary antibodies {MUC1 (BC-2, 1:100, Abcam, Cambridge, UK): MUC2 (Ccp58, 1:200, NovoCastra, Newcastle, UK), MUC5AC (CLH2, 1:100, NovoCastra), CK7 (OV-TL 12/30, 1:100, DAKO, Glostrup, Denmark), CK20 (Ks20.8, 1:100, DAKO), and CDX2 (DAK-CDX2, 1:400, DAKO)} for 1 h at room temperature and then overnight at 4°C. The antibodies were detected using the avidin-biotin complex method, using diaminobenzidine as a chromogen. The cases with more than 10% immunoreactive tumor cells were categorized as "positive", and the cases with less than or equal to 10% immunoreactive tumor cells were categorized as "negative".
Statistical analysis
We analyzed TTP, OS and toxicity profiles of all patients in this study. TTP was defined as the time from the first day of chemotherapy to the date of disease progression and OS as the time from the first day of chemotherapy to death from any cause. The TTP was estimated by the Kaplan-Meier analysis. Subgroup analysis regarding TTP and ORR comparison between histopathologic types were estimated using the log-rank test and Fisher's exact test, respectively. All tests were two-sided, and a p-value < 0.05 was considered statistically significant. Data were analyzed using SPSS software (version 18.0).
Results
Patient demographics
A total of 21 patients were treated from November 2009 to December 2011. The baseline patient demographics are listed in Table 1 . Eighteen patients were treated with XELOX as first-line treatment and three patients as secondline. Prior chemotherapy regimen for three patients was combination of gemcitabine and cisplatin. Eleven of the 21 patients were women, and the median age of all patients was 61 years (range, 30 to 77 years). Seventeen of the 21 patients were available for immunohistochemistry. On immunohistochemical study, ten patients were classified as pancreatobiliary-type which showed positive for MUC1, MUC5AC, or CK7; seven patients were classified as having intestinal-type AAC, which displayed positive results for CDX2, MUC2, or CK20 (Fig. 1, Table 2 ).
Treatment delivery
In all, 155 cycles of XELOX were administered (median, 7 cycles; range, 1 to 15), and the median duration of treatment was 21 weeks (range, 3 to 54 weeks). During chemotherapy, dose reductions and treatment delays were reported in 4 (19%) patients and 8 (38%) patients, respectively. The median cycle of dose reductions was cycle 4 (range, 2 to 6). Reasons for treatment discontinuation were disease progression (n = 11, 52%), peripheral neuropathy (n = 3, 14%) and patient refusal (n = 1, 5%).
Efficacy
All 21 patients were analyzed (Table 3) . Two (9%) achieved complete response (CR) and 6 (29%) had a partial response (PR), for an objective response rate (ORR) of 38%. Eleven patients (53%) reached stable disease (SD) status and median SD duration was 7.3 months (95% CI, 6.4 to 8.2 months). After a median follow-up of 16.6 months, the median TTP was 7.6 months (95% CI, 6.0-9.2 months) and median OS was 19.7 months (95% CI, 14.8-23.6 months) ( Fig. 2A, B) . In subgroup analysis according to histopathologic type (Fig. 2C) , the median TTP was longer in patients with intestinal type AAC (13.1 months; 95% CI, 6.9-19.2 months) compared to those with pancreatobiliary type AAC (6.4 months; 95% CI, 2.1-10.7 months) (P = 0.038). XELOX also achieved higher ORR in patients with the intestinal type compared to the pancreatobiliary type, though the results were not statistically significant (57% vs. 20%, P = 0.16).
Toxicity
Treatment-related toxicites are listed in Table 4 . The (A) time to progression, (B) overall survival and (C) time to progression of 17 patients according to histopathologic differentiation: intestinal (n = 7) and pancreatobiliary type (n = 10).
most common treatment-related grade 3-4 adverse event was neutropenia (5 patients, 24%) without febrile event.
Peripheral neuropathy (2 patients, 9%) was the most frequent grade 3-4 non-hematologic toxicity. Other toxicities, including fatigue, anorexia, and nausea were primarily grade 1-2 and easily manageable. There was no difference in toxicity profiles between intestinal and pancreatobiliary type. There were no treatment-related deaths.
Discussion
Owing to rarity and heterogeneity of tissue of origin, there is no standard regimen and limited data suggest varied options for advanced AAC patients (Table 5) . Overall, 5-FU derivative, platinum, and gemcitabine have been the cornerstone of combination chemotherapy of AAC, all of which have showed an ORR of nearly 30% (range, 18 to 50) and median OS of approximately 12 months (range, 8.0 to 20.4) (Andre et al. 2004; Gibson et al. 2005; Rao et al. 2005; Overman et al. 2009; Cereda et al. 2010; Kim et al. 2010; Valle et al. 2010; Lee et al. 2012) . Though no superior regimen exists that has been confirmed by randomized controlled study, XELOX is the most evaluated regimen to date in AAC and could be the preferred regimen, owing to the comparable efficacy and tolerance in a phase II and in our study (Overman et al. 2009 ).
There are several morphologic characteristics available in the classification of AAC subtype (Kimura et al. 1994; Fischer and Zhou 2004) . However, it is difficult to classify 5-FU/epirubicin/gemcitabine/cisplatin 7/37 (19) 43 7.9 12.1 II (Cereda et al. 2010) AAC, ampullary adenocarcinoma; ORR, objective response rate; TTP, time to progression; PFS, progression free survival; OS, overall survival; FU, fluorouracil; NR, not reached; R, retrospective study. AAC as either intestinal or pancreatobility type when based on morphologic features, especially if AAC were moderately to poorly differentiated. To overcome this difficulty and ambiguity of morphology-base classification, we used a panel of immunohistochemical markers for intestinal type (CDX2, MUC2, and CK20) and for pancreatobiliary markers (MUC1, MUC5AC, and CK7).
The molecular characteristics of AAC have been studied by including a KRAS mutation of 37% and microsatellite instability (MSI) rate of 10-20% (Howe et al. 1997; Perrone et al. 2006; Ruemmele et al. 2009; Agaram et al. 2010) . Considering our finding that clincal behavior is different between the intestinal and the pancreatobiliary type AAC, these molecular studies should be based on histopathologic type to determine therapeutic implications.
In this study, we observed different treatment outcome between the intestinal and the pancreatobiliary type of AAC with XELOX, which suggests the potential role of histopathologic classification as a predictive marker for XELOX. In addition, this study could allow patients to be assigned a proper chemotherapy regimen according to histopathology. XELOX may be the favored treatment for intestinal type AAC. In this study, 3 patients received gemcitabine plus cisplatin prior to XELOX. Of these, patients with intestinal-type AAC showed progression after only 3 months (n = 2), while the patient with pancreatobiliary type AAC experienced a TTP of 10 months (n = 1).
Targeted therapy in AAC is unknown area and requires further investigation. In case of intestinal-type AAC, targeted agents of colorectal cancer would guide the introduction new drugs. Currently, KRAS mutation is the only validated predictive marker for colorectal cancer to decide among the use of monoclonal antibody to epidermal growth factor receptor (EGFR), cetuximab and panitumumab for treatment . Bevacizumab prolonged progression free survival and OS when added to XELOX or fluoroucacil and oxliplatin in untreated metastatic colorectal cancer, which also encourages its use in intestinal-type AAC (Saltz et al. 2008) . This is the first study to analyze treatment outcomes according to histopathologic type. Our study showed the possibility of tailored chemotherapy regimen. Nevertheless, this study has several limitations. This was a retrospective study with a small number of patients. In addition, histopathologic classification was not done to all patients. Thus, clinical relevance as a predictive impact of histopathologic subtype needs to be interpreted cautiously. Better survival for patients with the intestinal type AAC can be attributed to both effectiveness of XELOX chemotherapy and favorable prognosis of the intestinal type.
In conclusion, capecitabine plus oxaliplatin is a feasible combination regimen for recurrent or metastatic AAC, with favorable efficacy and manageable toxicity in outpatient setting. The intestinal type showed better survival and further investigation for predictive marker are needed.
